Actin filaments play a critical role as part of the cytoskeleton, where they are involved in most cellular processes including determination of cell shape, cell migration, cell division, membrane function and intracellular transport. In muscle cells actin filaments are a key component of the contractile apparatus. This enormous functional specialisation is associated with differences in filament organisation, dynamics and interaction with actin-binding proteins. Recent evidence reveals that tropomyosins are key players in this dynamic regulation of the functions of actin filaments. However, the molecular mechanisms underlying the assembly of tropomyosin strands on actin filaments, the competition between tropomyosin isoforms and the differences in stability are not known. The main roadblock to addressing these questions is a lack of techniques to follow the dynamics of the process at the molecular level.
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Single Molecule Science and ARC Centre of Excellence in Advanced Molecular Imaging, UNSW, Sydney, Australia, 2 School of Mathematics and Statistics, UNSW, Sydney, Australia, 3 School of Medical Sciences, UNSW, Sydney, Australia, UNSW, Sydney, Australia. Actin filaments play a critical role as part of the cytoskeleton, where they are involved in most cellular processes including determination of cell shape, cell migration, cell division, membrane function and intracellular transport. In muscle cells actin filaments are a key component of the contractile apparatus. This enormous functional specialisation is associated with differences in filament organisation, dynamics and interaction with actin-binding proteins. Recent evidence reveals that tropomyosins are key players in this dynamic regulation of the functions of actin filaments. However, the molecular mechanisms underlying the assembly of tropomyosin strands on actin filaments, the competition between tropomyosin isoforms and the differences in stability are not known. The main roadblock to addressing these questions is a lack of techniques to follow the dynamics of the process at the molecular level.
Here we have developed a single-molecule fluorescence imaging approach to visualise and quantify snapshots of the assembly process by reconstituting actin filaments in the presence of labelled tropomyosin isoforms. Cytoskeletal and skeletal tropomyosin isoforms were labelled using maleimide chemistry. Biochemical assays showed that labelled tropomyosins bind cooperatively to actin filaments. We then competitively bound different tropomyosin isoforms to actin filaments in a microfluidic flow channel and visualised early assembly intermediates utilising TIRF microscopy. Our observations reveal nucleation of short stretches of tropomyosin polymers at multiple locations along the actin filaments. Our results have implications for the assembly pathways of specialised actin filaments in cells.
1490-Pos Board B441 Tension and Constriction of the Cytokinetic Contractile Ring Depend on
Anchoring of Ring Components to the Plasma Membrane Shuyuan Wang, Ben O'shaughnessy. Columbia University, New York, NY, USA. Cytokinesis involves constriction of a tension-producing actomyosin contractile ring that divides the cell. How the ring generates tension remains intensely debated. A sliding filament mechanism where myosin pulls actin filaments was proposed long ago, similar to striated muscle which has sarcomeric organization. However, contractile rings are far more disordered, and it is thought that random actomyosin bundles cannot generate tension. Recently, we presented evidence that tension originates in anchoring of actin filaments to the membrane (Stachowiak et al., Dev. Cell, 2014) . Here we mathematically modeled the constricting ring to explain a recent study of permeabilized fission yeast protoplast that examined ring constriction in controlled environments (Mishra et al, Nature Cell Biol., 2013) . The experiments directly tested the role of ring anchoring: following ATP addition, rings partially detached from the membrane and constricted at a constant rate independent of initial length. We extended our molecularly explicit model (Stachowiak et al., Dev. Cell, 2014) to explain these findings and to test the role of anchoring. The model assumes barbed end actin filament anchoring. In agreement with Mishra et al., simulated detached ring segments had almost zero tension and shortened at a rate somewhat less than twice the myosin-II load-free velocity. Our analysis explains why the shortening rate is independent of ring length: detached regions did not contract, but shortened by being reeled in at their end points, each end point contributing v 0 myo . Unanchored ring segments have zero tension but nevertheless shorten because they are connected to anchored segments with tension. Completely detached simulated rings did not constrict. Simulations reproduced other observations by Mishra et al, including the dependence of constriction on myosin-II but not on actin turnover, and retarded constriction by increased actin crosslinking.
1491-Pos Board B442
Microrheology of In-Vitro Acto-Myosin Networks in Steady State Adar Sonn-Segev. Tel Aviv University, Tel Aviv, Israel. We show that complex fluids such as actin networks respond differently to deformations at intermediate length scales than they do at large distances as a bulk material. This intermediate response regime is characterized by a 1/r3 decay with distance. When characterizing passive entangled F-actin networks, we observed this intermediate response at surprisingly large distances of 2-6 mm, which are comparable to the size of a cell, and are over ten times larger than the mesh size of the actin network. We generalize the framework of microrheology to include and characterize this intermediate response, which in turn allows extracting the material's structural properties. We use this newfound understanding to extract structural information of active in-vitro reconstituted cytoskeleton networks, in which such analysis can be done in a controlled fashion.
1492-Pos Board B443
Coupling Arp2/3 Complex-Mediated Actin Branching and Membrane Deformation by the Exocyst Component Exo70 Wei Guo. U. Penn, Philadelphia, PA, USA. Directional cell migration requires tight coordination of actin assembly and membrane remodeling. However, the molecular mechanism underlying this coordination remains elusive. Here we report that Exo70, a component of the exocyst complex, couples actin assembly and membrane curvature induction for leading edge protrusion and cell migration. Using in vitro pyrene actin assay and dual-color total internal reflection fluorescence (TIRF) microscopy, we found that Exo70 kinetically stimulates the Arp2/ 3 complex-mediated actin polymerization and branching. This effect of Exo70 on actin is mediated by promoting the interaction of the Arp2/3 complex with WAVE2, a member of the N-WASP/WAVE family of nucleation promoting factors. We also found that Exo70 induces tubular membrane invaginations toward the lumen of synthetic vesicles in vitro and generates protrusions on the surface of cells. Biochemical analyses using Exo70 mutants and independent molecular dynamics simulations based on Exo70 structure reveal that Exo70 generates negative membrane curvature through an oligomerization-based scaffolding mechanism. At the cellular level, both the stimulatory effect of Exo70 on the Arp2/3 complex and the membrane-deformation activity of Exo70 are required for generating lamellipodia and maintaining directional persistence during cell migration. Exo70 thus represents a novel Arp2/3 regulator and membrane-bending protein that couples actin dynamics and plasma membrane remodeling for migration. Cytokinesis in fission yeast requires the presence of the actomyosin ring that constricts the membrane to divide the cell. Despite lots of effort, the molecular mechanism by which the ring tension is created remains poorly understood. This is largely due to the lack of structural details of of the ring, e.g., how actin filaments (F-actin) are arranged and what myosin conformations exist. As several models exist we decided to develop a computational approach to test whether these models are biophysically reasonable when simulated. Starting with a very simple model in which only actin filaments and bipolar myosin molecules are present we showed that myosin could slide F-actin but contraction did not occur. Addition of actin crosslinkers then helped contract the ring which in turn could pull down a coarse-grained membrane added to the system later. By tuning parameters and properties of the ring's components to match with data from electron cryotomography, we showed that coarse-grained simulations could help reveal the mechanism for the ring constriction.
1493-Pos
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Actin Macromolecules and Bundles in Cell-Sized Confinement: From Collective Behavior to Emerging Networks Siddharth Deshpande, Zoe Swank, Thomas Pfohl. Department of Chemistry, University of Basel, Basel, Switzerland. Microfluidics-based experiments provide an opportunity to study the complexity of hierarchical dynamics and structural assembly in complex chemical as well as biological processes. The precise control of external parameters and the possibility to generate gradients on the nano-and micrometer length scale allows for investigations of intermediates and transitional states as well as dynamic and kinetic properties of the studied systems. Using a straightforward microfluidics system to achieve step-by-step reaction 298a sequences, we explore the rich dynamics and emergent properties of actin with an emphasis on assembling networks of actin bundles under appropriate stimuli, mimicking these processes in living cells. Due to the sharing of filaments within different bundles, long actin filaments form networks by percolation, when induced by specific bundling agents in microconfinements. Using this bottom-up approach, we observe the dynamics of hierarchical assembly and disassembly processes and find exceptional attributes such as spindle-like structure formation and internal stress generation in networks. Furthermore, our research suggests that such percolated networks are very much likely to exist within living cells in a dynamic fashion with a long-range connectivity resulting in enhanced responsiveness to internal and external signals.
1495-Pos Board B446 F-Actin has Slow Dynamics and Concerted Movement as Indicated by H/D Exchange Rate Mapping
Devanand Kowlessur, Larry S. Tobacman. University of Illinois at Chicago, Chicago, IL, USA. We are investigating local dynamics within F-and G-actin by the method of Hydrogen-Deuterium Exchange-MS rate mapping. G-actin studies are underway, and F-actin results are near completion. Using extended time courses, we find HDX transitions that reveal new and unexpected insight into the properties of F-actin. Virtually all actin residues assessed so far are near one or the other extreme -very fast dynamics for~25% of actin, or very slow dynamics for the remainder. Thus, the majority of the actin monomer exhibits very high protection from exchange, indicating a highly stabile character. The extent of HDX was flat and unchanging between 30 and 600 s of D2O exposure, consistent with published work of Stokasimov and Rubenstein. The new results, examining longer D2O exposures for the first time, show that HDX rose very notably between 600 s and 3600 s. Interestingly, the kinetics are very similar in the many peptides, and a single rate constant can fit transitions in almost the entire set of peptides. The observed rate of 3 x 10-4 s-1 implies high local folding stability, with a protection factor of~100,000-fold. This suggests that part of the actin monomer is very tightly folded except for a low probability global movement that facilitates exchange in many areas of actin. The current work shows that F-actin is amenable to study by examination of HDX rates, shows that F-actin dynamic mapping can reveal new insight into actin's properties, and provides a basis for further study in the presence of other proteins such as tropomyosin.
1496-Pos Board B447 Characterization and Stabilization of Fascin-Bundled Actin Filaments
Transported by Heavy Meromyosin Hideyo Takatsuki, Alf Månsson. Linnaeus University, Kalmar, Sweden. Maintenance and reconstruction of cell shape and migration rely on dynamic formation of actin-bundles from actin-filaments (F-actin) and the interaction of these bundles with myosins in cytoskeletal networks. Of particular interest are protruding finger-like and sub-micrometer filopodia at the leading edge of cell. These contain unipolar actin-bundles with parallel filaments cross-linked via protein fascin. Here, we reconstruct fascin-actinbundles in vitro from purified proteins and allow them to interact with myosin II motor-fragments, heavy meromyosin (HMM). We investigate the size distributions of fascin-actin-bundles transported by HMM on the trimethylchlorosilane-derivatized surfaces in the absence and presence of quantum dots (Qdots) in the in vitro motility assay. In the absence of Qdots, the number of filaments in a bundle (12.853.3; n¼50) was decreased by HMM-driven transport within 5 min after addition of adenosinetriphosphate (ATP) as compared with that of bundles without ATP (40.2512.7; n¼35) . Thus, the number of bundles of intermediate to large size (2-4 and >5 filaments in a bundle) significantly decreased during this time. This effect was prevented if fascin-actin-bundles were biotinylated and transported by HMM in the presence of streptavidin-Qdots (3 nM). Interestingly we also found that some of large fascin-actin-Qdot-bundles were further assembled into huge bundles 10-30 min after ATPincubation. In this case, tracking of Qdots showed that there was no rotation around the long axis of bundle during transportation as has sometimes been observed for F-actin. We discuss the usefulness of actin-bundles for reconstruction of the in vitro cytoskeletal transport systems in engineered environments (e.g. biocomputation) but also consider issues related to the in vivo functions, e.g. the possible role of other actin-binding proteins (heremimicked by streptavidin-Qdots) in the production of higher-order structures composed of fascin-actin-bundles. (Support from EU-FP7-FET-ABACUS grant number 613044).
1497-Pos Board B448
Cryo-EM of One State of F-Actin Yields a New Atomic Filament Model Vitold E. Galkin 1 , Albina Orlova 2 , Gunnar Schroder 3 , Edward H. Egelman 2 . 1 Physiological Sciences, Eastern Virginia Medical School, Norfolk, VA, USA, 2 Biochemistry and Molecular Genetics, University of Virginia, Charlottesville, VA, USA, 3 Forschungszentrum Julich, Institute of Complex Systems, 52425 Julich, Germany. Actin is one of the most highly conserved as well as abundant eukaryotic proteins. From chickens to humans, an evolutionary separation of~350 million years, there are no amino acid changes in the skeletal muscle isoform of actin. Since the functional form of actin in most instances is a polymer (F-actin), understanding the constraints on actin sequence evolution must involve an understanding of the structure and dynamics of the actin filament. The development of direct electron detectors has allowed an unprecedented advance in the ability of cryo-EM to reach near-atomic resolution for many protein polymers and protein complexes. We have used electron cryo-microscopy and a direct electron detector and have now been able to reconstruct one state of F-actin at 4.7 Å resolution. This has allowed us to build an atomic model of this state, which differs in many details from an earlier model for F-actin derived from a substantially lower resolution reconstruction. The model explains many previous observations about F-actin, such as why the ''hydrophobic plug'' can be structurally polymorphic. We compare this atomic model with two other distinctly different states that we have determined at~12 Å resolution, and suggest that only by understanding the multiplicity of states possible for F-actin can one understand the selective pressure on many residues and why mutations of some of these residues leads to myopathies and other human disorders.
1498-Pos Board B449 Mechanisms of FRNK Inhibition of FAK in Vascular Smooth Muscle Cells
Taylor J. Zak, Allan Samarel, Seth Robia. Cell and Molecular Physiology, Loyola University, Forest Park, IL, USA. The goal of this project is to determine novel mechanisms by which Focal Adhesion Kinase related Non-Kinase (FRNK) inhibits Focal Adhesion Kinase (FAK). FAK is an important regulator of growth and migration in vascular smooth muscle cells that acts as both a kinase and a scaffolding protein. FAK is activated by numerous signaling pathways and upon activation dimerizes and phosphorylates itself. Phosphorylated FAK scaffolds additional proteins such as Src kinase which contribute to growth and migration. FRNK is endogenously expressed and inhibits FAK mediated growth and migration through an unknown mechanism. To test whether FAK directly interacts with FRNK, we co-immunoprecipitated FRNK with a FAK antibody. Significant precipitation of FRNK suggested that FAK and FRNK interact in a protein complex. We utilized fluorescence resonance energy transfer (FRET) measurements between fluorescent protein tagged FAK and FRNK to confirm direct interaction in living cells. In order to isolate FAK within focal adhesions we used total internal reflection fluorescence microscopy. In order to determine the importance of phosphorylation status on potential FAK FRNK interaction we mutated the phosphorylation site serine 910 on FRNK to aspartic acid and alanine. In co-immunoprecipitation experiments the serine 910 to alanine FRNK mutant is pulled down in greater quantity compared to wild type suggesting serine 910 phosphorylation status may play an important role in FAK FRNK binding interactions. Together the data suggest that direct FRNK and FAK interaction as regulated by serine phosphorylation plays an integral role in altering FAK signaling.
1499-Pos Board B450
Altered Structural State of Actin Filaments Upon MYOSIN II Binding Elina Bengtsson, Malin Persson, Saroj Kumar, Alf Månsson. Linnaeus University, Kalmar, Sweden. The paths of actin filaments propelled over a heavy meromyosin (HMM) surface in the in vitro motility assay (IVMA) can statistically be described by a path persistence length (L P P ) and has been hypothesized to be proportional to the flexural rigidity of the filaments. Here, we have studied the L P P at high (130 mM) ionic strength along with the persistence length of actin filaments in solution (L P S ) to elucidate how HMM binding affects the flexural rigidity of actin filaments. Characterization and control of material properties, such as the path persistence length, is useful in engineered devices that takes advantages of the function of the muscle contractile proteins e.g. for biocomputation. It has been suggested that myosin binding reduces Lp p for phalloidin stabilized actin filaments. This is consistent with the results presented here where the phalloidin stabilized actin filaments rigidity is reduced to the level of phalloidin free actin filaments in the IVMA. Further, reducing the MgATP concentration in the IVMA would increase the HMM head density along the actin filament hence making the effect of myosin binding more pronounced. A reduced
